The Dracaena resin is widely used in traditional medicine as an anticancer agent and benzofuran lignin is the active component of it. In this report we provide evidences that the synthetic derivative of benzofuran lignan (Benfur) showed anti-tumor activities. It induced apoptosis in p53 positive cells. Though it inhibited endotoxin-induced nuclear factor kappaB (NF-κB) activation in both p53 positive and negative cells, the activation of caspase 3 was observed in p53 positive cells. It showed partial cell death effect in both p53 positive and negative cells through inhibition of NF-κB. Cell cycle analysis using flow cytometry showed that the treatment with this novel benozofuran lignan derivative to Jurkat T-cells, but not U-937 cells resulted in a G2/M arrest in a dose and time dependent manner. It increased amounts of p21, p27 and cyclin B, but not phospho-Rb through p53 nuclear translocation in Jurkat T-cells, but not in U-937 cells. It inhibited amount of MDM2 (murine double minute 2) by repressing the transcription factor Sp1 which was proved in silico too. It induced cell death in tumor cells, but not in primary T-cells. Overall, our data suggest that Benfur-mediated cell death is partially dependent upon NF-κB, but predominantly dependent on p53. Thus, this novel benzofuran lignan derivative can be effective chemopreventive or chemotherapeutic agent against malignant T-cells.
Introduction
Majority of the chemotherapeutic agents presently used for cancer treatment were developed by simple screening for cell growth inhibition assay without knowing mechanism of their action. Even, chemotherapy becomes useless whenever cells become resistant against those drugs. Thus, understanding of the mechanism of action would be helpful in multiple ways -to design many drugs in combination chemotherapy; low concentration of drugs that give better results with less side-effects; to administer alternative drugs for chemotherapy. Such drugs inhibit the growth of a variety of cancer cells by utilizing diverse mechanisms that include cell cycle arrest, induction of apoptosis, disruption of microtubules, inhibition of angiogenesis, and/or increasing oxidative damage (1) . Apoptosis is the consequence of a series of precisely regulated events that are frequently altered in tumor cells. Apoptotic stimuli induce a variety of genes involved in the promotion or inhibition of apoptosis by modulating cell cycle by targeting G2/M checkpoint (2) (3) (4) . Cyclin B1 often expresses during G2 phase, translocates to nucleus during early mitosis, and degrades towards the end of mitosis (5) . The protooncogenes, p53 (tumor suppressor gene), Bcl-2 (antiapoptotic gene), Bax-α (proapoptotic gene), are class of such genes known to regulate cell cycle and apoptosis (6) . Expression of Bcl-2 and Bax is transcriptionally regulated by p53 (7) . Bcl-2 expression is also regulated by NF-κB (8) . Furthermore, the p53 gene is involved in regulation of cell cycle specifically at G2/M arrest and expression of the apoptosis associated genes (9) (10) (11) . The murine double minute 2 (MDM2) is a key component of p53 signaling pathway. MDM2 is expressed by transcriptional activation of p53 (12) and Sp1 (13) . MDM2 again regulates amount of p53 by targeting p53 for ubiquitin-mediated degradation (14, 15) . MDM2 induces expression of p65 (Rel A) through activation of Sp1 (16) . Sangre de drago (dragon's blood), blood-red latex produced by various South American Croton species, is widely used in traditional medicine as an anticancer agent. The 3', 4-di-O-methylcedrusin or 3-[2-(3,4dimethoxyphenyl)-3-hydroxymethyl-7-methoxy-2,3dihydro-1-benzofuran-5-yl]propan-1-ol 5 is one of the naturally occurring active principles of latex and has been used as an inhibitor of tumor cell proliferation (17, 18) . A dihydrobenzofuran lignan derivative has been identified as a potential antiproliferative and antitumor agent (19) . Precursors and analogues of benzofuran lignan derivatives were synthesized and explored for their potential anti-angiogenic and antitubilin/antimitotic activities (19) . In the current study, we report the discovery of a novel benzofuran lignin, 5-{(E)-2-carboxyvinyl}-2-(4-hydroxy-3methoxyphenyl)-7-methoxy-2,3-dihydro-1benzofuran-3-carboxylic acid (designated as Benfur), as a potent antimitotic agent and inducer of apoptosis. We report here, for the first time, that this novel benzofuran efficiently arrests Jurkat T lymphocytes (p53 +/+ ) in the G2/M phase of the cell cycle and induces apoptosis, thus inhibiting cell growth. Benfur shows differential behavior in cells with different p53 status. Together it may indicate that the Benfur might be an efficient chemotherapeutic agent against cancer. Possibly p53 function is required to observe the maximum response exerted via G2/M arrest. Benfur also interacts with Sp1 transcription factor thereby decreasing MDM2 expression and in turn stabilizing the p53. However it also shows partial cell death activity in U937 cells possibly by inhibition of NF-κB suggesting a p53 independent mechanism.
EXPERIMENTAL PROCEDURES

Materials
All synthetic chemicals were obtained from commercial sources. Lipopolysaccharide (LPS), propidium iodide (PI), MTT, 4-methyl umbelliferyl phosphate (4-MUP), caspase 3 substrate (Ac-DVED-pNA), caspase 8 substrate (Ac-ITED-pNA), DMSO, and anti-tubulin antibody were obtained from Sigma Aldrich Chemicals (St Louis, MO, USA). Penicillin, streptomycin, neomycin, RPMI 1640, Iscove's modified Dulbecco, DMEM medium, fetal bovine serum (FBS), were obtained from Life Technologies (Grand Island, NY, USA). Anti PARP-FITC conjugate was purchased from Novus Biologicals (Littleton, CO, USA). DAPI and anti-rabbit IgG conjugated with HRP and Alexa Fluor were obtained from Molecular Probes (Eugene, OR, USA). Antibodies against cytochrome c, Bcl-2, IκBα, p53, p65, p21, p27, cyclin B, CRM1, MDM2, retinoblastoma (Rb), and phospho-Rb and gel shift oligonucleotides for NF-κB, Sp1, Oct1, and p53 were obtained from Santa Cruz Biotechnology (Santa Cruz, CA, USA).
Cell lines
The cell lines used in this study were as follows: Jurkat E6.1 TIB-152 (human T cell leukemia), MCF-7 (human breast cancer cell line), U-937 (human histiocytic lymphoma), HeLa (human cervical cancer cell line), K562 (human myeloid leukemia), and HT29 and HCT116 (human colon carcinoma) were obtained from American Type culture collection (Manassas, VA, USA). HCT116 cells were stably transfected with p53 construct (HCT116 p53 +/+ ) and maintain in the laboratory. T-cells were isolated from fresh human blood by Ficoll-hypaque method. PBMC layer was used and T-cell population was isolated by removing adherent cells (monocytes/macrophages) and nylon wool column (B-cells) as described previously (20) .
Chemical synthesis and characterization of the novel benzofuran lignan compound
Dimer of methyl ferulate methyl (E)-3-[2-(4-hydroxy-3-methoxyphenyl)-7-methoxy-3-methoxycarbonyl-2,3-dihydro-1-benzofuran-5-yl]prop-2-enoate was prepared according to the method of Lemiere et al (1995) (18) . Briefly, ferulic acid methyl ester was dimerized in the presence of silver oxide, dry benzene and acetone. After evaporation the residual red brown oil was purified by column chromatography with ethyl acetate-hexane as eluent to afford a white compound. The obtained compound was taken in dichloromethane and treated with tribromide for 2 h at 0 0 C. The reaction mixture was decomposed by adding water. The organic layer was washed with saturated solution of sodium bicarbonate, water, brine and kept over anhydrous sodium sulphate to yield a concentrated crude mass. This crude mass was further purified by radial chromatography with increasing concentration 
Cytotoxicity assay
Cytotoxicity was assayed by the modified tetrazolium salt 3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide (MTT) assay as described previously (21) . Briefly, 5 x 10 4 cells/well of a 96 well plate were treated with different agents and the cell viability was determined by incubating the cells with the 25 μl MTT dye (5 mg/ml in PBS) for 4 h at 37 0 C. The cells were incubated with 100 μl lysis buffer (20% SDS in 50% dimethylformamide) for overnight at 37 0 C, and the absorbance was read at 570 nm. Cell cycle analysis Cells (log phase culture) were treated with various concentrations of the Benfur. After treatments, the cells were harvested and washed with cold EDTA/PBS (5 mmol/L) and then suspended in cold EDTA/PBS (300 μl) and 100% chilled ethanol (700 μl), vortexed, and incubated at 37 0 C for 1 h. Samples were centrifuged at 200 x g for 5 minutes and the supernatant was removed. A solution containing propidium iodide (100 μg/ml) and RNase A (1 μg/ml) was added to the samples and incubated for 1 h at 37 0 C. Samples were then transferred to 5 ml tubes and analyzed in flow cytometer (FACS Calibur; Becton Dickinson, San Jose, CA) after gating (FL2-A/FL2-W) the single nuclei population and data were analyzed using Cell Quest analysis software.
Caspase 3 and 8 activities assay
To evaluate caspase 3 and 8 activities, cell extracts were prepared after their respective treatments with the compounds. 50 μg of cell extracts protein was incubated with 200 μM caspase 3 substrate (Ac-DVED-pNA) or caspase 8 substrate (Ac-ITED-pNA) in 100 μl reaction buffer (1% NP-40, 20 mM Tris-HCl, pH 7.5, 137 mM NaCl, and 10% glycerol) and incubated for 2 h at 37 0 C. The release of chromophore pNA was monitored spectrophotometrically at 405 nm (21) . Lactate dehydrogenase (LDH) release assay Necrosis of cells was assayed by measuring LDH, the cytosolic marker, from Benfur-treated cells supernatant. Culture supernatants were incubated with the substrate solution (230 mM sodium pyruvate and 5 mM NADH in 0.1 M phosphate buffer, pH 7.5) and rate of decrease in absorbance at 340 nm was measured.
PARP cleavage assay using flow cytometry
The PARP cleavage was determined using anti-PARP (85 kDa fragment) antibody (Novus Biologicals) and is used as a marker for detecting apoptotic cells. Treated cells were fixed with chilled 70% ethanol, incubated with 200 μl of permeabilized solution (0.5% BSA, 0.02% NaN 3 , and 0.5% saponin in PBS) for 30 min at 37 0 C, and stained with anti-PARP Ab conjugated with FITC for 1 h. Cells were washed with wash buffer and analyzed in FACS.
Transcription factors assay by electrophoretic mobility shift assay (EMSA)
To determine NF-κB DNA binding activity, EMSA were conducted essentially as described (22) . Briefly, 8 µg nuclear extract proteins were incubated with 32 P end-labeled double-stranded NF-κB oligonucleotides for 30 min at 37°C, and the DNA-protein complex was separated from free oligonucleotide on 6.6% native polyacrylamide gels. Similarly transcription factors like p53, Sp1, and Oct1 DNA binding were assayed using respective 32 P end-labeled double-stranded oligonucleotides by EMSA.
NF-κB-dependent reporter gene expression assay
The NF-κB-dependent reporter gene expression was measured as previously described (22) . Briefly, cells were transfected with Qiagen SuperFect reagent with 1 ml medium containing p65 plasmid (0.5 μg), IκBα-DN (IκBα dominant negative) (0.5 μg), reporter gene of NF-κB promoter DNA linked to the heat-stable secretory alkaline phosphatase (SEAP) (0.5 μg), and GFP (0.5 μg) constructs as described previously by (23) . After 3 h of transfection, cells were washed and culture for 12 h. Cells were visualized under fluorescent microscope and 27-30% cells were GFP positive for different combinations. After different treatments, cell culture-conditioned media were harvested, and 25 µl of each was analyzed for alkaline phosphatase activity essentially as per the CLONTECH protocol (Palo Alto, CA).
Immunocytochemistry
The amount of p21 was examined by the immunocytochemical method as described (24) . Briefly, U-937 cells were treated with benfur and coated in slide or MCF-7 cells were cultured on poly-L-lysine-coated chamber slides, washed after different treatments, air-dried, fixed with 3.5% formaldehyde, and permeabilized with 0.5% of Triton X-100. Slides were blocked by 5% goat serum, incubated with anti-p21 Ab for 8 h followed by incubation with goat antirabbit IgG-Alexa Fluor for 1 h. Slides were mounted with mounting medium with DAPI and analyzed under a fluorescence microscope.
Study of molecular docking
Benfur docking to Sp1 transcription factor was performed with the AutoDock 4.0 program using the empirical free energy function and the Lamarckian genetic algorithm (25) . The initial structures of Benfur was designed and optimized in PRODRG server (26) . Three-dimensional (3D) crystal structures of Sp1 (PDB code 1SP1) (27) (PDB code 1E7A) were used as starting models. The grid maps for whole protein were calculated using an 80×80×80 points rid size with 0.375Å grid spacing and with an initial population of 300 randomly placed individuals, a maximum number of 2.5 x 10 7 energy evaluations, a mutation rate of 0.02, a crossover rate of 0.80, and an elitism value of 1, where the average of the worst energy was calculated over a window of the previous 10 generations. For the local search, the so-called Solis and Wets algorithm was applied, using a maximum of 300 interactions. The probability of performing a local search on an individual in the population was 0.06, and the maximum number of consecutive successes or failures before doubling or halving the local search step size was 4 and 100 independent docking runs was carried out for each ligand. Results were clustered according to the 1.0 Å root-mean-square deviation (RMSD) criterions. All torsion angles for each compound were considered flexible. After docking the Benfur-Sp1 complexes were analyzed using PyMol visualization programs (available in World Wide Web).
RESULTS
Characterization of Benfur.
The chemical synthesis of benzofuran derivative is well described in the 'Experimental Procedures'. The chemical structure, mass spectra as well as the NMR data of the novel benzofuran lignan (Benfur) is shown in Figure 1A . We examined its effect on different cell lines. For all experiments, the compound was dissolved in DMSO as 10 mM stock solution and further dilutions were made in the complete medium.
Benfur-mediated cell death is cell type specific.
As cell signaling varies from cell to cell, we incubated Jurkat, U-937, HT29, and MCF-7 cells with different concentrations of Benfur for 72 h and cell viability was assayed using MTT dye. Cell viability was decreased 60-80% (p<0.005) in Jurkat and MCF-7 cells but 15-20% (p<0.001) in HT29 and U-937 cells (Fig.1B) . The 50% growth inhibitory concentration (IC 50 ) of Benfur is about 80 nM at 72 h of incubation for Jurkat cells. Apoptosis was measured by the amounts of cleaved poly (ADP-ribose) polymerase (PARP). Benfur (100 nM) treatment for 24 h showed PARP cleavage almost 40-50% in Jurkat, HeLa, and MCF-7 cells, but only 16% in U-937 cells (Fig.1C) . Cell death was observed in Jurkat cells in a timedependent manner but not in T-cells isolated from fresh human blood (Fig.1E ). These data suggest that Benfur induced cell death is specific for tumor cells. Benfur, at 5,000 and 10,000 nM concentrations increased release of LDH in U-937 and Jurkat cells ( Fig.1D ), suggesting cytolysis at higher concentrations of Benfur treatments in both cells.
Benfur increases amount of cytoplasmic cytochrome c, cleavage of PARP, activation of caspase, expression of Bax, and but decreases Bcl-2 expression.
The amounts of cleaved PARP were increased in Benfur-treated Jurkat cells in a concentration-and time-dependent manner as detected in FACS ( Fig.2A) . The 116 kDa pro-PARP was cleaved to active 85 kDa cleaved PARP in Jurkat cells by the treatment of Benfur in a concentration-dependent manner in Jurkat cells, but not in U-937 cells (Fig.2B ). Activity of caspase 3 increased in Benfur-treated cells in a concentration-dependent manner in Jurkat cells, but not in U-937 cells (Fig.2C1 ). The activity of caspase 8 was not altered in Benfur treated Jurkat or U-937 cells (Fig.2C2) , indicating the effect of benfur lies more downstream of caspase 8 and may be at mitochondrial level. The amounts of cytochrome c and Bax increased, but Bcl-2 decreased in the cytoplasm as by guest on November 19, 2017 http://www.jbc.org/ Downloaded from shown by Western blot in Jurkat cells, however they were unaltered in U-937 cells (Fig.2D ). All these data suggest that Benfur induces cell death in Jurkat cells and this effect lies more at the mitochondrial level.
Benfur blocks cell cycle in Jurkat, but not U-937 cells.
Benfur arrested Jurkat cells in the G2-M phase of the cell cycle ( Fig.2E1 ) leading to significant apoptosis as shown in the sub-G1 content (Fig.2E2 ). The data shown here confirmed that the concentration of the Benfur was as low as 100 nM is effective in significant increase (~65%) of the live cells in the G2/M phase of the cell cycle ( Fig.2E1 ). At 50 nM no significant increase in G2/M population was achieved (data not shown). At 500 nM of Benfur there was further increase in both G2/M and sub G1 population ( Fig.2F ). When U-937 cells were similarly treated with different concentrations of Benfur (upto 500 nM), there was almost no arrest of cells at G2-M phase ( Fig.2G1 ) and also no significant cell death ( Fig.2G2 ). Doxorubicin (100 nM) induced 43% and 45% cell death in Jurkat and U-937 cells respectively at 24 h of treatment (data not shown).
Benfur inhibits DNA binding activity of NF-κB and the dependent reporter gene expression, IκBα degradation, and p65 nuclear translocation.
Jurkat and U-937 cells were pretreated with varying concentrations of Benfur for 12 h and then stimulated with 100 ng/ml serum activated LPS (SA-LPS) for 1 h; nuclear extracts were prepared and assayed for NF-κB by gel shift assay. Benfur inhibited SA-LPSinduced NF-κB DNA binding activity in a dosedependent manner in both cells (Fig.3A) . Benfur inhibited SA-LPS-induced expression of NF-κB dependent reporter gene SEAP in NF-κB SEAP reporter construct transfected both Jurkat and U-937 cells (Fig.3B ). To determine whether the inhibitory action of Benfur was due to inhibition of IκBα degradation mediated by SA-LPS, IκBα proteins was measured from cytoplasmic extracts (CE) and p65 was measured from nuclear extracts (NE). IκBα degradation started at 1 h of SA-LPS (100 ng/ml) treatment in cells. Benfur-pretreated cells showed inhibition of SA-LPS-induced IκBα degradation (Fig.3C , upper left & right panels). In SA-LPSstimulated Jurkat and U-937 cells the amount of p65 decreased in the CE at 1 and 2 h and increased in the NE at same time points. Benfur-pretreated cells showed high amount of p65 was in CE, but not in NE (Fig.3C , middle & lower and left & right panels).
Benfur partially induces cell death in NF-κBexpressing cells.
Jurkat and U-937 cells (transfected with vector alone or p65 constructs) were incubated with varying concentrations of Benfur for 12 h. The p65-transfected cells showed high amount of NF-κB DNA binding activity in nuclear extracts (Fig.3D ). Jurkat and U-937 cells (transfected with vector alone, p65, or IκBα-DN constructs) were treated with 100 nM Benfur for 24 h and cell viability was measured by MTT assay. Benfur induced cell death 50% in vector transfected, 30% in p65-transfected, and 80% in IκBα-DN transfected Jurkat cells. The 40% cells death was observed in IκBα-DN-transfected cells (Fig.4E, left panel) . Benfur induced 20% cell death in vector-transfected U-937 cells. No cell death was observed in p65-transfected U-937 cells by Benfur treatment. Like Jurkat cells, 40% cells death was observed in IκBα-DN-transfected U-937 cells, which was not further enhanced by Benfur treatment (Fig.3E, right panel) . These data suggest that partial cell death was observed due to inhibition of NF-κB in Jurkat cells, whereas the 15-20% cell death which was observed by Benfur in U-937 cells is due to inhibition of NF-κB.
Primary T-cells, isolated from fresh human blood, showed high basal NF-κB DNA binding. Benfur did not decrease NF-κB DNA binding in primary T-cells, but decreased in serum activated Jurkat cells (Fig.3F) . These results suggest that Benfur is ineffective in primary cells.
Benfur increases p53 DNA binding activity and amounts of p21 and p27 in Jurkat and U-937 cells.
To understand the difference between Benfur sensitive versus resistant cells, we treated U-937 and Jurkat cells with different concentrations of Benfur for 12 h and the nuclear extracts were used to measure p53 by gel shift assay. U-937 cells showed very low basal p53 DNA binding compared to Jurkat cells. Benfur treatment increased p53 DNA binding in Jurkat cells at 200 nM concentration (Fig.4A ). The amount of p21, p27, or cyclin B, but not phospho-Rb or Rb was increased with increasing concentrations of Benfur as shown by Western blot from whole cell extracts (Fig.4B ). The amount of p21 was also increased in MCF-7 cells upon treatment of Benfur as shown by immunofluorescence technique (Fig.4C) . These data suggest that p53 might have a role in Benfur-mediated cell signaling. To confirm further the role of Benfur on p53-mediated induction of cell death, p53-stably transfected HCT116 (p53 +/+ ) cells were treated with by guest on November 19, 2017 http://www.jbc.org/ Downloaded from different concentrations of Benfur and cell viability was assayed by MTT dye uptake. Benfur treatment did not alter high basal amount of p53 as shown by Western blot (Fig.4D ). HCT116 cells showed only 10-15% cell death at 100-200 nM Benfur, whereas in p53 positive cells Benfur induced cell death with increasing concentrations (Fig.4E) . These data further suggest that Benfur-mediated apoptosis is p53dependent.
Benfur decreases amount of MDM2 and p53 and DNA binding to Sp1 in Jurkat cells.
To understand the mechanism of Benfur-mediated increase in p53 DNA binding activity, we treated U-937 and Jurkat cells with 100 nM of Benfur for different times. The amount of MDM2 as measured by RT-PCR decreased with the increasing time of Benfur treatment in Jurkat, but not in U-937 cells (Fig.5A ). The expression of MDM2 decreased and the p53 increased with the increasing time of Benfur treatment in Jurkat, but not in U-937 cells (Fig.5B ). As MDM2 expression is regulated by Sp1 transcription factor, we have measured the Sp1 upon similar treatment conditions. The Sp1 DNA binding activity decreased in Jurkat cells with increasing time of Benfur treatment without interfering Oct1 DNA binding (Fig.5C ). The Sp1 DNA binding activity decreased in vitro upon Benfur treatment (Fig.5D ). The Benfur binds to Sp1 catalytic amino acids Lys 29 , Gln 20 , and Glu 07 (Fig.5E ). Results were obtained under 298.15 K temperatures with solvation of water molecule as the solvent parameter. AutoDock binding affinities of the Benfur, evaluated by free energies (∆Gb, kcal/ mol), inhibition constants (Ki), hydrogen bonds, and RMSD values. The obtained success rates of AutoDock is highly excellent, where the docked Benfur binding energies is -13.42 kcal/mol at 1.21 A o RMSD (Table  1 ) and predicted hydrogen bond forms in between the Lys 29 , Gln 20 , and Glu 07 of Sp1 and Benfur. These data suggest that Benfur inhibits Sp1 transcription factor thereby decreases the amount of MDM2 and thus increases in the amount of p53.
DISCUSSION
Chemoprevention is considered a promising strategy in the field of cancer therapy and suppressing or reversing the process of tumor formation has gained much attention (28, 29) . Classic cytotoxic agents, known to act on the cell cycle, continue to underline first line treatments in oncology. Therefore, novel targeted therapeutics, especially, those modulating the G2/M cell cycle checkpoint have emerged as an attractive candidate for new cancer therapies (30) . Some of the derivatives of benzofuran lignan were found to act against tumor proliferation (19, 31) . We provided evidence that a novel synthetic benzofuran lignin (known as Benfur) induced cell death by G2/M phase arrest in p53 +/+ cells at low concentration. Benfur was able to inhibit cell growth in specific cell types. Molecules involved in cell signaling that lead to cell growth vary from cell to cell. The cells which have high p53 expression were affected at low concentrations of Benfur. It inhibited cell growth in a dose dependent manner with an IC 50 value of around 80 nM in Jurkat cells, known to be p53 +/+ cells (32) . Flow cytometric analysis of DNA content showed a dose-dependent block in the G2/M phase and an increase in the sub G1 (apoptotic) cell population. At 100 nM concentration almost 66% of the live population were arrested in the G2/M phase and around 54% of the total population appeared in the sub G1 (apoptotic) state in Jurkat cells. Furthermore the effect of the G2/M promoting doses of the compound was time dependent with maximum arrest at 24 h. Though in the lower concentrations of Benfur only 10-20% cell death was observed in U-937 cells, but at higher concentration, it induced cell death in U-937 cells by increasing marginal S phase population followed by apoptosis. Though at higher concentrations of Benfur both cells showed necrosis, how it induces S-phase arrest in U-937 cells needs to be studied. Activation of the p53 gene (tumor suppressor) is known to play a role in the regulation of cell cycle arrest at G2/M phase (9, 10) . The high basal expression of p53 was observed in Jurkat than U-937 cells. However, U-937 cells lack the p53 protein because of a 46-base deletion mutation in the p53 gene (33) . Benfur increased p53 DNA binding activity and its dependent p21 and p27 genes. Cyclin B has shown to degrade in G2/M phase of cell cycle (34 Activation of NF-κB exerts both pro-and antiapoptotic activities through expression of its dependent genes (35) . NF-κB-expressing cells are known to be resistant to cell death (22, (36) (37) (38) . Alone Benofur showed almost 50% cell death. Surprisingly, in NF-κB-expressing (p65-transfected) cells showed only 35% apoptosis which suggests that Benfurmediated cell death occurs mostly through non-NF-κB pathway. In Jurkat cells, Benfur has shown to induce cell death by 10-20% and that was due to inhibition of NF-κB as Benfur did not induce cell death in NF-κBexpressing U-937 cells or did not potentiate cell death in null/low NF-κB-expressing (IκBα-DN-transfected) cells.
As Benfur inhibited MDM2 expression in p53 +ve cells and MDM2 also activates p65 via Sp1 transcription factor, the Benfur has role in downregulating NF-κB via decreasing MDM2 that leads to cell death. In silico data suggest that Benfur strongly binds with Sp1 and represses its dependent gene MDM2 expression. Low amount of MDM2 thus stabilizes the p53 which might be important for Benfur-mediated cell death in p53 positive cells. NF-κB downregulated (IκBα-DNtransfected) cells showed almost 40% cell death and this increased to 75% by Benfur treatment. Decrease in the basal expression of NF-κB-dependent genes drives cells to cell death and inhibits proliferative effect. These data suggest that in low or null NF-κBexpressing cells, Benfur induced an additive cell death effect. The expression of p53 is dependent upon MDM2. MDM2 again negatively regulates p53 by activating ubiquitin-mediated degradation of p53.
Benfur treatment has shown to increase p53 DNA binding which is correlated with the decrease in the amount of MDM2 and Sp1 DNA binding. The Sp1 DNA binding is directly inhibited by Benfur. So, Benfur-mediated repression of Sp1 might lead to inhibition of MDM2 expression and that causes increase in the amount of p53. Decrease in the amount of MDM2 again inhibits the NF-κB activation via blocking of p65 expression. Thus, Benfur-mediated decrease in MDM2 might have double-sword effect to induce cell death via expression of p53 (39) and inhibition of NF-κB (16) . Benfur treatment decreased NF-κB DNA binding and induced cell death in Jurkat cells, but not in primary T-cells isolated from blood, a striking effect of Benfur. Tumor cells are more aggressive in the uptake of the nutrients from medium than primary cells and this property may be a possible way to uptake Benfur from medium to show its effect in tumor cells. Overall, our data indicate a correlation between the G2/M arrest and an induction of apoptosis in response to the treatment with novel benzofuran lignan of Jurkat cells. The influence of the compound is cell type specific. At lower concentrations no arrest in the G2/M phase was seen in case of p53 negative or mutant cells, but partial cell death was observed which was due to inhibition of NF-κB. Taken together this may indicate that there are two independent mechanisms, p53-dependent and p53-independent, occurring in the examined cell lines at different doses.
Possibly p53 function is required to observe a maximum response to the compound exerted via G2/M cell cycle arrest and induction of apoptosis. Thus, this novel derivative of benzofuran may be a promising anti-cancer drug alone or in combination with other drugs that needs further validation by in vivo study. 
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